Lactase-phlorizin hydrolase (LPH), an enterocyte-specific disaccharidase, displays not only a post weaning decline but also regional differences in the small intestine. To investigate the mechanisms of regional LPH expression along the small intestine, the correlation between LPH mRNA abundance, lactase activity and the amount of a nuclear factor (NF-LPH 1) binding to a cis-element was determined in various intestinal segments of suckling and adult rats. In suckling rats, both LPH mRNA and lactase activity were expressed at maximum in the jejunum, but they were hardly detected in the colon. In adult rats, both LPH mRNA and lactase activity were the highest in the jejunum and virtually absent in the ileum. Lactase activity and LPH mRNA abundance in suckling rats were 2-3 times more than those of adult rats in all regions of the small intestine. An electromobility shift assays of nuclear proteins revealed that NF-LPH 1 was present in rat small intestine as well as in Caco-2 cells. The amount of NF-LPH 1 binding to the cis-element was also approximately 2-fold more in the intestinal nuclear extracts of suckling rats than that of adult rats. NF-LPH 1 was detected in all regions of the small intestine in both suckling and adult rats. In both cases, the amounts of NF-LPH 1 binding to the cis-element increased from the duodenum to upper jejunum, and decreased toward the ileum. The coordinate postnatal declines of LPH mRNA and NF-LPH 1 expression in various regions of the small intestine suggest that NF-LPHI might be involved not only in the regulation of postnatal LPH gene expression but in region-specific LPH gene expression as well.
MATERIALS AND METHODS
Animals. Three litters of Sprague-Dawley suckling rats and their mothers (Japan SLC, Hamamatsu, Japan) were used. Rats received free access to a standard laboratory chow diet (MF, Oriental Yeast, Tokyo, Japan). At 12 days after birth, suckling rats and their mothers were killed by decapitation between 10:00-11:00 a.m.
Preparation of intestinal samples. The entire small intestine and colon were flushed with ice-cold 0.9% NaC solution. The small intestine was divided into duodenum and jejunoileum. The jejunoileum was then divided into three equal parts along its length, and designated as upper jejunum, lower jejunum and ileum, respectively. A 1-cm segment (100mg) was excised from the middle of each intestinal segment and immediately used for RNA extraction. 
RESULTS
Lactase activity in various intestinal regions In 12-day-old suckling rats, lactase activity was expressed in the duodenum , upper jejunum, lower jejunum and ileum; maximal lactase activity was observed in the lower jejunum and its level was lower in the duodenum and ileum (Fig . 1) . Lactase activity was barely detected in the colon of suckling rats . In adult rats, lactase activity was detectable only in restricted regions of the small intestine (i .e., duodenum, upper jejunum and lower jejunum). Lactase activity was undetected in the ileum and colon of adult rats (Fig. 1) . Lactase activity in suckling rats was 2-3 fold higher than that of adult rats in the duodenum and jejunum (Fig . 1 ).
Regional differences of LPH mRNA levels
In 12-day-old suckling rats, LPH mRNA was maximally expressed in the upper jejunum, and relatively high levels of LPH mRNA were also observed in other regions of the small intestine (Fig. 2) . LPH mRNA was not detected in the colon of suckling rats. In adult rats, the LPH mRNA level was highest in the upper jejunum. A reduced level of LPH mRNA was observed in the duodenum and lower jejunum, but LPH mRNA was undetected in the ileum and colon of adult rats. LPH mRNA expression in the duodenum and jejunum of suckling rats was 2-3 fold more abundant than that in the corresponding segments of adult rats .
Developmental changes of the amount of NF LPHJ binding to the cis-element
Nuclear proteins were prepared from the whole small intestinal mucosa of suckling and adult rats, and they were subjected to EMSA. A major shifted band indicating NF-LPH1 was observed using the nuclear extracts of the small intes tines of both suckling and adult rats (Fig. 3) . Nuclear extracts from intestinal adenocarcinoma cells (Caco-2) produced a shifted band with almost the same migration distance compared with the extracts from rat small intestine (Fig. 3) . In suckling rats, minor bands displaying faster migration rates were also found. In both suckling and adult rats, the radioactivity in the shifted band increased linearly as a function of the amount of nuclear proteins up to 10 µg, indicating the validity of quantification (Fig. 4) . The amount of NF-LPH1 binding to CE-LPH1 oligo nucleotide in the small intestinal nuclear extracts of suckling rats was twice as abundant as that in adult rats.
Regional differences of the amount of NF-LPHI binding to the cis-element To examine the regional differences of the amount of NF-LPH1, nuclear proteins were prepared from the duodenum, upper jejunum, lower jejunum and ileum of both suckling and adult rats. NF-LPH 1 was detected in all regions of the intestine in both suckling and adult rats (Fig. 5) . In suckling rats, NF-LPH1 was Fig. 4 . Quantification of the amount of NF-LPH1 in the whole small intestines of suckling and adult rats. Electromobility shift assay was performed with different amounts of nuclear proteins. The graph displays radioactivity determined from the major shifted band.
most abundant in the upper jejunum, and its level was lower in the duodenum and ileum (Fig. 5) . In adult rats, NF-LPH 1 was less abundant in all regions of the small intestine as compared to that in suckling rats . Among the small intestinal segments in adult rats, duodenal nuclear extracts showed the lowest level of NF-LPH1 . The shifted band was competitively eliminated with a 100-fold excess amount of cold CE-LPH1 oligonucleotide, which indicated that interaction of the nuclear protein with CE-LPHl oligonucleotide was specific.
DISCUSSION
Recent studies revealed that regional expression of the LPH gene was mainly regulated at the transcriptional level (5, 12). However, the mechanisms leading to transcriptional regulation are currently unknown. To explore the mechanism whereby regional difference of lactase expression along the small intestine occurs, we have compared the distribution of lactase activity and LPH mRNA level along the small intestine with that of the amount of NF-LPH1, which was found as a regulatory factor of postnatal decline of lactase expression in pigs (8).
This study shows that the distribution of lactase activity observed in each segment along the small intestine was almost parallel with that of LPH mRNA accumulation in both suckling and adult rats, except for a minor discrepancy observed among the jejunal segments. These results are consistent with a recent stereologic study which showed that lactase activity is the highest in the proximal jejunum, in parallel with LPH mRNA accumulation (20). Taken together, it seems that the regional difference in lactase activity is caused by the difference in LPH mRNA accumulation, which is possibly regulated by transcription regulatory factors. Therefore, we have attempted to determine the amount of NF-LPH 1 with DNA binding activity in the doudenum, upper jejunum, lower jejunum and ileum.
In our study, we demonstrated that NF-LPH 1 was detectable in various regions of the intestine in both suckling and adult rats, and it was twice more abundant in suckling rats than in adult rats. In addition, NF-LPH1 was also detectable in human colon adenocarcinoma cells (Caco-2), in which NF-LPHI had almost the same migration distance on acrylamide gel as that of rat small intestine. Thus, this result supports the notion that NF-LPH1 is involved in a postnatal decline of LPH gene expression as suggested by Troelsen et al (8) . NF-LPH1 was first discovered in small intestinal nuclear extracts of pigs (8). Because NF-LPH 1 was abundant in the suckling period when the LPH mRNA level is high and less abundant in adulthood when lactase activity was low, NF-LPH 1 was considered to be a regulatory factor involved in the postnatal decline of LPH gene expression (8). Boukamel and Freund reported that NF-LPH1 was present in nuclear extracts of the tissues in suckling rats, including lung and liver which are originally derived from endoderm (19). However, another group claimed that NF-LPH1 was not involved in the down regulation of LPH gene expression because the band detected in their EMSA study, which they assumed to contain NF-LPH1, was detected only in adult rats and not inn suckling rats (21). They further showed that the nuclear protein did not interact with anti-mouse Cdx-2 antibody, and concluded that NF-LPHI was not Cdx-2 (21). However, it is still unclear whether NF-LPHI is identical to Cdx-2.
This study demonstrated that the amount of NF-LPH 1 binding to the cis element estimated by EMSA was partially correlated with the regional difference of LPH mRNA level. It should be noted, however, that in adult rats a considerable amount of NF-LPH 1 binding to the cis-element was present in the ileum in spite of the absence of LPH mRNA accumulation.
We speculate that the amount of NF-LPH1 and/or binding capability of NF LPH1 to the cis-element may be related to the regional difference in LPH gene expression. Although Suh et al reported that Cdx-2 mRNA was expressed not only in the small intestine but also in the cecum and colon (22), distribution of Cdx-2 protein along the intestine is unknown. Further study is necessary to elucidate the role of NF-LPH1 in regulation of the gene expression of LPH. 
